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Atmospheric neutrinos

Image from https://
icecube.wisc.edu/~jkelley/

atm/proposal.html

π+ → μ+ + νμ

μ+ → e+ + νe + ν̄μ

Expect twice more flux  
for muon neutrinos than electron neutrinos

https://icecube.wisc.edu/~jkelley/atm/proposal.html
https://icecube.wisc.edu/~jkelley/atm/proposal.html
https://icecube.wisc.edu/~jkelley/atm/proposal.html


Super-Kamiokande

From the law of cosines

(R + la)2 = L2 + R2 − 2LR cos(π − Θ)
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50 kT of pure water / 22.5 kT FV

Cherenkov light collected by PMTs 



Oscillation probability

P(νμ → νμ) = 1 − sin2 2θ sin2 1.27
Δm2L

E
L2 + 2RL cos Θ − la(la + 2R) = 0

Considering only two flavour transitions



Oscillation probability

P(νμ → νμ) = 1 − sin2 2θ sin2 1.27
Δm2L

E

L2 + 2RL cos Θ − la(la + 2R) = 0



1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1
)θcos(

0

0.2

0.4

0.6

0.8

1

)
µ

ν 
→ 

µ
ν

P(

, E = 0.2 GeV-2 10× = 2.5 2m∆ , E = 0.2 GeV-2 10× = 2.5 2m∆

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1
)θcos(

0

0.2

0.4

0.6

0.8

1

)
µ

ν 
→ 

µ
ν

P(

, E = 2.0 GeV-2 10× = 2.5 2m∆ , E = 2.0 GeV-2 10× = 2.5 2m∆

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1
)θcos(

0

0.2

0.4

0.6

0.8

1

)
µ

ν 
→ 

µ
ν

P(

, E = 20.0 GeV-2 10× = 2.5 2m∆ , E = 20.0 GeV-2 10× = 2.5 2m∆

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1
)θcos(

0

0.2

0.4

0.6

0.8

1

)
µ

ν 
→ 

µ
ν

P(

, E = 0.2 GeV-3 10× = 2.5 2m∆ , E = 0.2 GeV-3 10× = 2.5 2m∆

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1
)θcos(

0

0.2

0.4

0.6

0.8

1

)
µ

ν 
→ 

µ
ν

P(

, E = 2.0 GeV-3 10× = 2.5 2m∆ , E = 2.0 GeV-3 10× = 2.5 2m∆

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1
)θcos(

0

0.2

0.4

0.6

0.8

1

)
µ

ν 
→ 

µ
ν

P(

, E = 20.0 GeV-3 10× = 2.5 2m∆ , E = 20.0 GeV-3 10× = 2.5 2m∆

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1
)θcos(

0

0.2

0.4

0.6

0.8

1

)
µ

ν 
→ 

µ
ν

P(

, E = 0.2 GeV-4 10× = 2.5 2m∆ , E = 0.2 GeV-4 10× = 2.5 2m∆

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1
)θcos(

0

0.2

0.4

0.6

0.8

1

)
µ

ν 
→ 

µ
ν

P(

, E = 2.0 GeV-4 10× = 2.5 2m∆ , E = 2.0 GeV-4 10× = 2.5 2m∆

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1
)θcos(

0.96

0.965

0.97

0.975

0.98

0.985

0.99

0.995

1

)
µ

ν 
→ 

µ
ν

P(

, E = 20.0 GeV-4 10× = 2.5 2m∆ , E = 20.0 GeV-4 10× = 2.5 2m∆

Average  
probability

Assumptions
la = 20 km

sin2(2θ) = 1



Comparison with SK data
hep-ex/0105023

Multi-GeV case: 
~ 2 GeV events  
(SK > 1.3 GeV)
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Sub-GeV case: 
~ 0.2 GeV events  
(SK < 1.33 GeV)
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Comparison with SK data
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Upward stopping case: 
~ 20 GeV events  

(SK > 10 GeV)
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Flux estimate

P(νe → νe) ≃ 1

Nevents ∼ ϕPα→βSeffΩT → ϕ ∼
Nevents

SeffΩT

ϕav = 0.76 cm−2s−1sr−1

SeffΩ = ϵ × πr2 × 4π → = σ × ρproton × λeff × πr2 × 4π

Putting in the numbers

Nevents ∼ 3000 T = 111369600 s

σ = 5 × 10−39cm2

λeff = r = 1750 cm

ρproton = ρH2O × NA/A cm−3

Assuming a spherical FV
λeff



Thank you!


